The determination of i k abs , i k des and i k r In order to find the rate determining step including partitioning processes and chemical reactions in gas phase, the characterization time of each step was analyzed. The characterization time (τ ) to establish equilibrium (τ eq ) and τ of the gas phase reaction (τ gas ) of a compound with OH radicals are calculated using the equations below (Finlayson-Pitts and Pitts, 2000) ,
where T is temperature, H is Henrys constant, α is accommodation coefficient, and u av is mean thermal speed.
eq. S2
where k is the reaction rate constant in the gas phase and [OH] is the concentration of OH radical. For example, τ eq of DMSO at the gas-liquid interface is in the order of ∼ 10 1 s and much shorter than τ gas of the gas phase reaction of DMSO, which is in order of ∼ 10 5 s. Based on the short τ eq , the equilibrium process governed by both the absorption of a compound onto a particle and its desorption from the particle should also be much faster than the reaction in the gas phase. Hence the determination of the absolute values of i k abs (absorption rate constant of a compound into the particle) and i k des (desorption rate constant of a compound from the particle) becomes less important as long as, within computer process time, the characteristic times of both absorption and desorption are much shorter than that of gas-phase reaction. In addition, the i k abs and i k des values are constrained by i k abs / i k des = i K P . In this study, the characteristic time for the absorption process is set to ∼ 10 −4 s and applied to the estimation of both the adsorption and the desorption rate constants of the compounds of interest. The characteristic times of desorption of the three compounds of interest are in the order of ∼ 10 −8 s.
In order to confirm the nature (surface reaction vs. bulk phase reaction) of the reaction of DMSO, DMSO 2 , and MSIA, the diffuso-reactive parameter, q is characterized using the following equation (Finlayson-Pitts and Pitts, 2000) :
where d is the particle radius (here assuming 50 nm), i k r is the aqueous phase reaction rate constant and D l is diffusion coefficient. In general, a high q value indicates that the reaction occurs on the surface. For all three compounds, q is smaller than 0.003
suggesting that their reactions are slow compared to diffusion so that reactions take place throughout the entire volume of the aerosol. The characterization of q value also implies that the gas-particle partitioning can be approached by the absorptive mode.
Artifacts of DMSO measurement in the presence of DMS
The prediction of DMSO (not shown in the figures) is systematically much lower than the measured DMSO. However, as explained by Sorensen et al (1996) , the fast reaction between DMSO and OH· should lead to the scavenging of the DMSO formed so the detected DMSO should be little. It is thus possible that the measurement of DMSO rather than the model prediction is problematic. It has been reported by Gershenzon (2001) (Sander, 2006) Yin et al., 1990) a The unit for first order reactions is s −1 and the unit for second order reactions is s −1 molecules −1 cm 3 . All the rate constants other than those given using an Arrhenius expression are for 298 K and 1 atm.
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1.00 (Yin et al., 1990) Table 3 for the experimental conditions. b Refer to Table S2 for the reaction number Figure S1 . Mass fragmentation spectra in the EI mode (with GC retention time) for d 6 -DMSO, DMSO and DMSO 2 Figure S2 . Time profiles of DMSO, DMSO 2 , SO 2 , NO x and O 3 for the photooxidation of DMSO in the presence of NO x (Exp DMSO-3, Exp DMSO-4 and Exp DMSO-5 in Table 1 ). "E" denotes the experimentally observed concentrations of chemical species and "S" for those simulated using the kinetic model. Figure S3 . Model simulation of MSA and sulfuric acid for the photooxidation of DMSO in the presence of NO x (Exp DMSO-3, Exp DMSO-4 and Exp DMSO-5 in Table 1 ) with (SH) and without (SN) including heterogeneous reactionS "E" denotes the experimentally observed concentrations of chemical species and "S" for those simulated using the kinetic model. Figure S4 . Time profiles of DMS, DMSO 2 , SO 2 , MSA, sulfuric acid, NO x and O 3 for the photooxidation of DMSO in the presence of NO x (Exp DMS-1 and Exp DMS-2 in Table 1 ). "E" denotes the experimentally observed concentrations of chemical species and "S" for those simulated using the kinetic model. Figure S5 . Mass fragmentation spectra in the EI mode (with GC retention time) for PFBHA derivatives of major carbonyl products originated from isoprene photooxidation in the presence of NO x . P1: methacrolein (monoderivatives), P2: methyl vinyl ketone (mono-derivatives), P3: glyoxal (diderivatives), P4: methylglyoxal (di-derivatives) Figure S6 . Time profiles of isoprene, P1-P4, NO x and O 3 from the photooxidation of isoprene in the presence of NO x (Exp iso-1 and Exp iso-2 in Table 2) . "E" denotes the experimentally observed concentrations of chemical species and "S" for those simulated using the kinetic model. Figure S7 . Time profiles of gaseous products (P1-P4), NO x and O 3 from the photooxidation of DMS and NO x in the presence of 560 ppb of isoprene (Exp iso-DMS-1), 1360 ppb of isoprene (Exp iso-DMS-2) and 2248 ppb of isoprene (Exp iso-DMS-3). "E" denotes the experimentally observed concentrations of chemical species and "S" for those simulated using the kinetic model. Figure S8 . The profiles of the yields of MSA and H 2 SO 4 in the low concentration of DMS (0.5 ppb) with different amount of initial NO x concentrations (50 ppb and 2 ppb) against the consumed amount of DMS using the kinetic model. Figure S9 . The profiles of the yields of MSA (A) and H 2 SO 4 (B) in the low concentration of DMS (0.5 ppb) and NO x (2 ppb)with different initial isoprene concentrations (0 ppb, 0.5 ppb and 2.5 ppb) against the consumed amount of DMS using the kinetic model. Figure S10 . Time profiles of the concentrations of MSA (A) and H 2 SO 4 (B) in the low concentration of DMS (0.5 ppb) with different amount of initial NO x concentrations (50 ppb and 2 ppb) using the kinetic model with and without including 4 µg/m 3 of initial seed.
